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(57 ) Abstract : A zinc hot dip galvanized 
steel plate wRich comprises a plating layer 
consisting substantially of 7} phase and 
an oxide layer present on the surface of 
ttie plating layer, wherein the oxide layer 
has an average thickness of 10 nm or more 
and comprises a /n-ba.sed oxide layer and 
an AI based oxide layer, and a method for 
producing the zinc hot dip galvanized steel 
plate, which comprises the steps of zinc 
hot dip galvanizing, skin pass rolling and 
oxidation IreaUnenL 
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ionmj.a±r-fe^o mt^mitmit. 
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5 : #M5p 3.191092 Co ^mimimt:. 6 : 3-191093 • 

Ni mim^^. <ii^mM 7 : #gi¥ 3-191094 ^^^^^ica ca ^^^b^g^^M 

#W:5:S^8 : #H 200O-160358 -t^fCF e^^^i: Z n^^tt. A 1 
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st3Ei&*o%siRSra»-r5o mtmrnrntts 10-200 nmom^m^^^i-^ 

(S) OOOnmlJtT. (Ra) ii^l 0 0 nm&.TX-h^(Oibmt.\. 

mmZnimimm\tZnRXJ^F e^^t^mmt:^^. 1-5 0 at«©Fe/ 
(Zn + Fe) -^^m^i^^F em^mMit^^i-Z<Di^mth\>\ 

SSJtT? 4 Z n /A 1 it Sr^-rS UV\ ;i © 4 £l±© Z n /A 1 

(A) tmznw^mimmiK 7 o%&.±(r>ibo^mm\^^^^mmm^^i-^, 

(C) f&EZ n^^jbt)ii-J^ Zn5.-a5Fe^'^tfm«^^^. 1-5 0 at% 
©Fe/ (Zn + Fe) -e^^^?tb5F eig^^itSrW-rSo 

(P) ltnBZn^ife^4&^;^«Pl|!flaS:^U tuEZ nSi^«SdSiOi^fUfc. ifb. 

t-fex *IS5gtt. IISr6<JlJ:T,»e>75:S*ot«ttSiB«)otl«ffilj:#fc-t5Fe 
Sr^tfZn5^iHb«J^ltSr3i|-U WZ n^i^^!feMdn~5 0%©F e/ (Fe+Z 

n) -C^^$tT.5FeJI^Jt¥lr^-r5^Ill!»*ot«g^»r5o 



wo 2004/094683 



PCT/JP2003/013281 



4 

±fBZ nM^mtt. 1 5 %£U:©*o d&*5ffi«¥«r^5© U 

tmZnmknm\t. 10~10 0 0nmOa$fti||(DTO^Pg (S) ^4-10 
6nm(^¥^a$ (Ra) ^Wt-SOW^U^ 

3^^§tlrv^5©^s^f*LV\ af^SB5pSSlJ^cJ^J^$^^TV^5Zn^^lblfejiW:. 10- 
SOOnmOn^^i^OWi^fm (S) i:4~l D 0 nmWi^$ (Ra) Sr^fS 

~3 0S>-e&5m^b«!'aiSr^f 5o mm^S^ftF 1 - 2 0 0 g/ l-g" 

M-f 5 xmotul^^f t>ti5 ©:5S J: 9 if * LV \ luiaSWk^xmti. p H 1 1 £Lh. 

5 o'csLtoT/i^^vwmi^imxtm&^^^^tii^ibfs:^^ mmmt^mim. 
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X2 0 amm\^Un-^fl^. 

mWEEM^^tcmWiK. pHM®f^^^^U 5~200g/l©Fe'r^ 

m 3 ^<mm 2<dua no. 1 (ommcS!^. md^momM 

0 5 tt. mk<mm 2 4 ic^srt s^m no. 1 2 ©sttft^^. iHb«!ai«tfo^ 
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ms (OTs mt- rsj thm.ir^. ) x\ mo. m&rf<Dmmm.^(D:Ltx^ tulB# 

mxwi 1 isimm'mim 2 izm.^fvT:\,^^mmm. (Ra : 1 nmttim t\t- 
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\z. Fe ^»LT*5< ;i i: 9 . Zn Zn h Fe ^tfi^ttirl-^:: irT?. 

t^ElBI©^*-t?fc5C4B. SttirJtKI-StScfedKs ;5>^iSli;^«v>::fcd»e>. ^ 
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im\m. ^\t^<o-La^m^h ai jmm}ii^^\^tcwmm\dm^w^ 
\^ii^m^mmimhh,^iiK wmmo^m-^^ 20nm Rht-rsiiiusti:^ 

200nm OTt1-5<^dSSt tv\ 

^^^^ (AES) }cit9^«?5ri;0ST?t5o i©;&lfe(J:*5V^-Ctt. m^-^'^X:^^<^y 

^Wki wmmt^hfih:ih\mm-f^^<oxh^ii\ z.ti^mx(ozxi/^ jt(at 

Jt)l^it)Mi-Srt;iST-t5„ t^fci^t). Zn/Al Jtd^ 1.0 ?^^x.5»;6WV^la5^ 
T'foO. Zn/Al ifcdS 1. 0 OT©l35^5-iSm^gi55J'ii-r'5t>©T^^55o ^fc. rO^HIJIfftt. 
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m:(oM.\^-o^^x^m^^U 1 Zn/Al tti^ 1. o Skr(Dn^i)i^i'ifiy£. 

©^^j-g-icov^-cH:. #^^:^^L^^v^}^, 5iv^^^p^is#v^^:, mmo^m^n^ 

7^m^mmi:m^x. mmms. i kv sn'(om^t:m^^^txmnM(Dm 
^, m2^, mmm^w,i'mmx^ttmmmaji , 2003 54 

iPl-i-. p.31-34 
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5 isMit^K^t^mmmo pH fi l. 0-5. 0 ©CTJc&s r i: b 
v\ pH 5. 0 SrM;t 5 1 . a^o^^ig*5ii< -;Er l. 0 pl^tt. 3E^© 

^m\mmtfj:\^i)K m^\fs ^mi-hv^M^ (cHjCooNa) f3:t*<Dmmm. y^;vm 

(NajCAO^) ;^^^f©=I/^^5'^:^. fLm■:^hy!>-^ (NaCHjCHOHCOj) ^if©^^, 

5g/i ^-efesiis pH i^i^^j^+^t?. mM(DmmMm^^'^\^it6'r*h 

9. 50g/l .Srj@;t-Ct>. ^;dSf^trt-5fc»t-C35j<. mmoimi^mm^Wt^tc 
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^m^m-^m-r^-^i. ib^^Mommhi. ^mommRtLxo^h 

mm\^mirr^:LtxBmr3'-/u<oif'A'n(Diimxw^^ivx ai j^mi^^mtmm^ 

x^ ^^mxhf\.f£. Zn mm^m^m0.^'t^:Lk. ^xxrm^o^mK^^xh 

1iK pH im\^hm:^im<¥mz.^^-^-^-t^tiLt>. pHIO £iLh"efe5;ii;;&sS*L 
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r::T?^IMIi!!ittt. (Ra) ;^ lOOnmig^Tx -^lf|JD!JO®¥ 

i^mm (S) 1000 nn a^T©S®fe$ tr^5 ^ J: ;lrt9fe-r5o 

^mi^mi^m}m^i. v 'E^^mw)mimi^^i)mm^fi6t^^x^^^. 

^n^\^mm^^u^<<. mmfi)£^2^mmEm.^x:7^xiimmk^^^ 

5. -kit, mimh\.x\mmm<om^mm-yxmzmixhho 
mmihommt. mh\.x. zn ikmmmo^mimm\ei^^\^x\^^h<o^ 

^$J^TV^T'b^V\ ^COaft, RaHclOOnmOTs S }t 800 nmOTia^g^ LV\ Ra 

U^V^;!^, Rafts nmRi:. Stt50 mSLLXmrnm^SmJ^h^^t^^VfCo 
3t;fe\ Ra 4 nm fiLh-CfeS J; 19 LV\ Ra 3 nm Rh. ^MiOj^J/^^i- 

^^tw^m\^i&^^. m^<ohm(Dmti^tLX(Dmj!>^^^-^it. is-^h 

<*vv^:#;te>i^5o 

Ra SSitJf S tr^J#t5^;^fc-oO;^tt, ^^"5 J: 5 J- Zn m^mK Pe ^ 
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mhtc^^WCfimOn^^^^X^, B?[CX||^© r«®a$-ffiSj B-0660-1998 

i:ltv>fc». '(5v>Mim£Es mfL\t 1 kV OT^ trB^^xm&^^itm^'QhZ. 
m^(0:3^/l^-kVXm eV t:^>bbi'^^&=^JV'^<Drjm^t:m'^X- 

^m'm(om^^n 5 1 ^ m^mo^m^ ^<o±zz^yh77,h ^m.i-^ :itii^x 

InWkn^s Zn Fe ^-^i^^bi^t-TSrirTfeSo Zii«»{CFe ^Sr-^ 

W3^iry(:K(Dm\:m(Dm'kh lt. »i!ii(0i^s:?^^;^§5„ Zn Fe ^:t;ymmim 

mimih^^ZmMkfi^m^\mh1i^ni<>X\^iS\^1ii. Zn ^fl^feO^SdS Pe 
^S>5V^|3:Fe vymM^ii^Xim'^^^1t.}bh^VX\^^^ Zn i Fe O^fJl^S 
Fe mmm-^ (M^m) ^tl9?fe^c^orv^/j:V^*t, Iil5l#t>tt. f>fi:<hh Fe 

■ J:©<t5*^ Zn i: Fe Sr^^fbtFtt. pH i^f^H^^-TSiHS^t-^ 
Zn ^»!^©J^fifc^JC;feVN-C. ^<ommm^ Fe ^^-fS ^ ^ •^^•fS 

feUiUT. (TTfc^W Sr5~40Og/l CQfSHT'^Pl-SitTfiSBtRrtiT' 

Al ®fi&fc> PK Sb^ Si. Sn. Mg. Mn, Ni. Ti, Li. Cu ^5Cif:^-^^*fc^m^)^$^^TV^ 
Slft;*2m'fl-^3MW^*tbSr2:K:iO. P. S. B> Na, Mn, Ca, Mg. 

Ba. Sr. Si isi}^immm^\mmLTTi.-^f\.x^. im^(mmws:t>h^h<o 
xn.iii\i\ 
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^\m^. PH2.0 (Dmtrhv^j»7mm (20g/i) uifex^mu 

K7^-://V3©±®|3:@Jt$tb-CV^5„ ^^^'f Kx— :^^^3 0TBf-H:s ittlzi^L 
i! LT. ^ A7'fb^ttl!i©7'^;^^i5fel^}ft:^ W h R352L 1 

n 2 L/C If- F(^?^ • -tm^mw^mmxh^o t*- K 6 (ormntm 
1 (^«^if L#{t e>ttfc:i^^-cgijrf 5o • m 2 f^^if- K 6 omkitm tcisi- 

69nim. ^;^[RlM«©TgPtt*^ 4 5niinR ©*®-efl|^$tUv KJfSfjaSif 

mmm N : 4bokgf. ^Mo^\^m^mm (;^7^ kt-:^/w 3 mwwmm ■ 

20cm/niin i: Lfe» 
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:t-i^:^m^M (AEs) \z::io¥W(r>^7mff>t^m (at%) m^u B\m 

%Mm(0 Zn/Al Jt;dS 1 1> Zn/Al 1 iJAT© fet^)^^^ bTVN:/to ^ f> 
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(2) No.2 riii®aQ®m(-^b«m«rfioTV>5t)©©> 7K?fe*-e©^Sfl^K35S5^5l5g|5 

(3) No.3~7 tt. wtism^^mmm^n^tx ud>^>7k?5fe^-e©^i^rai5;*^5ii5 

(4) No. 8-12. ft. $ ^) \zjm.^m(Dm^r/i':h y tt^tcsts uyt^j-e^t) ?? . no. 3~7 

(IISSM2) 

0..8min (OnimmUeL^ Id. #iPg60g/itf'©^ia^*ot^S^U Hl^ 
Ra 3. ©Stmy/^^3'->'^^ffiV^■r#*W 0. 8% t jS^S J: 5 fcffMLfco ii 

Sts ^^t^^^*fi't>'5i*>ofclB^fcov^T. 0.5 kV ~ 2 kV 

n -/v-isggi LTV ^;^v ^ * o t ^® «^^{r5ii^Tfc 5 © (c^ LTx o tft 
mW^X(D pH 1. 7 (OmcT h y l?AzK» (40g/l) 3#figg«U 

(7 mm ijl2.0 ©BIS^M; iJ'AtIc^ (40g/l) St^VnT. irlBi:!^ 

ii©^a^as:fi.ofco «K^Hi3c {imm (om&§a^w <o^im0L^. 40g/i©^ 
*5,j;t;? 450g/i ©«!3i^ d srffiVNfeo n^^. ^m^nmmt. ^mm a~c ^5 
30 "c. «?^D 2ot:T&5o *fc±iB*asilufi^ pHi2 ©Tk^^t-^" h y 
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Zn ^m^\:.!^omf^^fitimm^^m^ir^fcm^s M^m^mw^ (leo ^ 
LE01530) M^nso.5kyx-cyuyx^^-:f(D-^m'f-^tm^m\^^xi&m 

^Sr**r Zn ^i^k^&©?^^$i^fc^^a: Life. 

zn^sHls«^®s^^ialDJ^s?^J^$nTv^sit^±. n^^^mmm OJBo^tLEoisso) 

ERA-8800FE) <I^^V^fco SS^t4AP3S®E 5kV. V-'^y^T 4 7.^^7. (f^ggSI) 
15mm JJ:X=fTV\ aS^^O®l^;^fRl(^f->'7'y V^fmn. 5 nm iJtTi: Lfc («|^ 
^ri 40000 <&^±) „ J'ifcN m^MM{rj;5i^mt:jitt5fc*^#^«Lfc:<. 
Znm»W#^-r5^J^-|i0f^fc9m^^'^^;5-lRld^^:S$ 3;immStO 450 

(Ra) i:iSl**j»©miaia©¥*&rail (S) Srtf»t?to r Ra. S fts -^H^ 
•TfJ. B*X||ji*&0 r^Bm$-^mj B-0660-1998 ^fJ:^$tvCV>5. imm^ 
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(DW^ijy V:i-y^t1r^ Spline /^'f^^•'-7-^/^^'-^Sr^*^tr. 

*Lfc« Jlc^fiCitiEJJlli. :J|ea©B3iW^ii NIST b VLSI 
yy-Kth<OSHS»lge^^^'y^-K (SiHlSnm, 88nm. 450im) ■Sr^V^fc„ 
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j3 it; Ai nmrnm^-r?) t mm^fitu -tit, :¥?&m i~7 ifefkiss^^ 

I'-^etimhXi:^ Wm^mm^^ LTV^;t, ^^mm 1~6 « Ra 4/im Rh-e$> !3 . 
:mmm ? ft Ra 3. Inm T'feofCc Zn 

(3)Ml!flia^^5:*:^^|r!| 3-6 fi. Fe ^»L^^:^^4«S:^V^Tfm$^V ^ 
"ftS^J^tt Zn Fe ^Sr^tsmmxm^^fiXV^fCo ^i^hOMiDi. 5 U:. mBt\z Fe S: 

§:(DM\>m!imat:^iri Zn i Fe ^^tfSfefb^^^J^^^^SCl Jrj^TJtS, 

(5):mmm 5~7 © Zn ^^»©:^:g5^, Sl^ffiMlcj: OJ^J^^Fttfefeot^®© 
pfllf|5^^:#^ELTV^fco ^iH^O^I^MJis I^Cp®J±M%iSLfc. -f-^^p-^I^Cfeot 
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5 t Lite 

(D^^i^U^ Ra -e 100 nm ^T> mm&O^i^mm S T% 1000 mn ^.TO^W^^ 
(DLbX. tmmrXWiliSX-(mB^ffX^2Kmm^^X\f^^mwm (Ra: 1 
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««!■S^4^5KS^:^5^?>^SV^'5r->^fcfcS^S, -<dJ: 5 Ji#^t?'t>T/W;i{7 !>B^lll^W>< 
mfi^o if^mmis zn-F e^m^^o^\Lm^^fix\^^^-u^Mx-\t, ai 

5 Al is Al »ft!^li4Sff^^ife$nfcffiT-fc5c ^<D 7) lilt, -g-^fk^ffiiafeo 

t^jii(^-a^tB-efe5c=^i> b^himirhh^hi)-><. li^^mMm^^ht^h. m 
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AI ^^-fblijlO-gP^SrWb. ^»ffi^fT 5 i i: J; 9 Zn %mmm^^\^. Zn 

v:^mm\zn., i^fir © Zn AI ^m^mht'^^y^tmmmh^mtr 
tt^x^^o M:k.x, i^hf)^(Dm^xm\f^^o-uxm^mm<Dm^^nx^^i3:^^u 
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200nm OTi-rS©^* U\ 

^kim-t^tM^ti. 1 0 nmei±<Z)^iz^(^^bt> (i U< 2 0 nmgLh) ^ 

/A 1 Jt (^{l^tl'©Jl^^«TOJt^) i LTtt. 4.0 £t±t*5 Z nif*:©^^i^ 

Z n/A 1 mmmmtk LT. 40 £U:-^ft)tL(f^< ^ A 1 Sr&*3&VN#^ 
Zn/Allttt. i^*S^^ (AES) l?iWe#5o H5xBbfcmfb#JM<^ff§© 

MM-^^ti'^mmiMom^im^i-^m^-kxozno^^im^ ^ai w 
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^fc. Z n/A 1 Jt (lfe^b^^©m^m-e©Jt^) i: LTH:. 40 JJLht ;5i-5 Z n 

^^^+^\z.^^^^^1t^\Z\t. iulSZn/AlJtdS 4.0 RJb<^Zni#: 

#«®Jj::feV^-C 7 0 %RJi-efcS/2^;^fc5o Z n/A 1 ifcd^ 4. 0 &Jihii^ Z n^^(: 
©SHb'^c^l^^ttx xjH-r^tJ'PT-^y-fiP- (EPMA) ^^:i57cl^!'s/ ify^. 

t>u<tt5^«-?mi«^ (SEM) {ciljfNiff-eir.So EPMAm m^-rm^m 

■CtSo iiT?«SiW(lfliiii:»v )|a$ft«>OWa* (Ra) i5 100 nm S^Ts 
iDiOTOIBillS (S) dn000 ijmSSOT©S5®m$^#t-5;ii:SrE!*1-5. 
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^$tlTV>Tt>^V\ msma^X Ra«10On^lOT^ S ftSOO iim£AT;a5li^LV\ Ra 

< m^imn)^ h «? mtr^ ^tamhitiZo ^i\.h<o^<y:^-9 (oymm\zm^ 

\.fl\^tK Ra«:3 nin£i±. SttSO niajjUi-eM^^g»^5fe-5ii:SrmLfcc 
/j:*J. Ra 4 nm lJJl±-efo5 i i: J; 9 LV\ Ra 3 nm 

Ra *5 it; S 5^«-o©:^H:, J: 5 IJ: Zn JfiSfefbtelC Fe ^ 

i i "Cfc 5o Zn m^fbifefJ: Fe ^^"^^ b , Zn ^fk«l&tt-t C-T^ 

mtavit^^mjiisiomM^'o. b^x^^(d ^mmut-mi b-o66o-i998^ 
Kfi^fixi^^^mA^^^xnnt^^tii^x^^o ^it, mummjmim^ 
m(D7S^m^mm^m\i^x^ir^:iti^xt^o rnmom^tm-^ m imtm 

Zn.^i?^b<K)lr> Zn h Fe Sr^tpm^t^^irrS^ i:T'fe5o Zn^^»|CFe ^ 
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fc5v>(iFe omm\^ii^xim-^M1t^hm&Vr:\^^^ Zn 2: Pe ©fiJ{J:jjt1-5 
Fe ©iKi^-a' »5^flH3:?ioTV>)5JV>iS, i>3fc< tfe Fe ;55 

BirLTtt. 5~25 at%-efc5o 

r.<^>J: P'fex Zn t Fe <Sr^glft:^«:^ ^© pH i^f^ffi^'Tf-SSHS^JJ:^ 
$•^5 Zn S^k«^©?i^^:^lCjoV^-C. ^E:©^14^{^: Fe ^^p-f^S r h Xmm-^ 
^Lki^X^^o mti:M^mtLX}-i. 2ffit>L< »3|Ifi(^F e-T^^-yi: LT. 1~ 
200g/n?fc^o $e)}J:<l;90*U^®H2:.LTri^ 1~8 0 g/l-C^j)5e Fe^C 
:i-yom\i:^m^^^^X}tmzM^^ti-^J:^^i)K Mx.it 1 8 0 g/ 1 OF e 'T^rvlg 
^Xhfl}f. jmB-m (77KfBi|&) ^5~400g/l©®ig-cmi1-5^J:i5SRrigT?fcSo 

\Z. Zn ^?i^^-r5 1 #x r O i 5 Zn ^^^b«^©?^^©fca?)fr{i. 

ffi^O^^ 1 2: % (c, LTV pH ;d5±#-r 5 2: i^imxh 5 fc*^ 

m.m!izmt?>mmm<opn « i. o~5. o (om^^h^^ta^m. u\ ^fi^ 
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m\:Mm^^\^^^^Xs ^6«i/j;pH±#sriaihu m^fj:^mmn-¥-t^:ih 

(Na^CAO*) /J:if<0=I/^i5'^m, M-f hy!>A (NaCHgCHOHCOj) -^if<DfL@im^ 

5g/i pH w^m"^^-^-^. 'm.ommmmi^-^^^iy'^tcib'^h 

9. 50g/i sr^x.T'b. ^i^m\f^im-^-fii<. mw>^(mm^'^^^^-t^% 

m^<D Zn Jggft#lcjt^UiV\ i!9^^f^U^pHi^jfi^Ja•CR:<?5aE^:l'-C^i^ 
^:^^yl^3.3;!)0ft^fe^l0~5 0g/l©ISffl^ ^?>{-^^L'<«s 2 0~5 0g/l 

:ti^sr^-rsfafr-^i<\ ^^m(r>w^m\.<. if.%(ommih\jx(i>^Simh 
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S$^x-5M«5t?r^-r5 Z ni^f:(^^»^. MxE^^liMaiZlJ; 

XV^iVtWiXA^^I^. mm(OW-W(omi[:mK¥i^^'^i^f^^A \mmii^2 o a t% 
(AES) i A r Ts/^yi' JJ y^K:J:5^§:fe^lRl:$^«fl2: J: 2/imX2;im gg©!S^l::*5 



wo 2004/094683 
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£1 )pHH:eSill:i<):Ul@SL/c 



SIT. ^mmm. Rx^mm^imi^-oi^^rmtr^o 

(1) zf\y:^m^ (mmi mm mmmm 

(2) itm^ 

^^yi^T.yT.Y 550HN) SrjS&lg/m*^U ^l^i^tT/V* ySMI (B2^-?-*7 
-Ti^:/^ FC-E200K ;^7'V-JElkgf/cm2) , TK^fe. 

^^^la (B3tc/-?<-;«;7'fi^>'i5*' iW) U PL-Z) . 'fb^fe^OiS ( H 7 -Ti^^ 
ViJ^ im) M PB-L3080) ©^Ji|lT% «*!!;S^J^^^!gUfc, ^Oh^. 'fb^ 

2 5X10 Oinm1h'rX©$^®^>i-s 2^^^ i^^J>^9it^7^yhyRZ52L) SrM 
*U 4ttr^W-^;^9^yiJ'i^-7-^^2 5X1 Omm^^^fcM^, m^M^W^ 
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Lfc»^a^a^fc)*. 1 7 0 1: X 2 0 ^(D^m^-v^^^mmu i mo i a© 

0.2MPa5il±l?3c>ntf O 

^m^. 0.2MF A^mxtbtiti X 

(4) mimmm^. Rxmmi<ozn/Aitt<om^ 

;^-i^:cm^^fe (AES) k[*:^^<i/^Vy^t AES J^^^ h/^ff^m^^ 

m^^XO Zn (Ommm (atX) t Al ©spi^^ (atj{) i V} ^ib1t. 

(5) ?g«^(jyi^<^®tJ^^ 

^i±wa©^:^^?^-r5fc*. mm (4) tiii^<^;m-c. ^^b^ia^i^©^® 

(6) Z n=£^*:om«<^B^M^ 

Z n^#:0^fc:4&©S||^S:«i-5fcfe{C, (LEO th LEpl530) Srffi . 

h t vx. 5 imitmm^^fixv^ti:\,^^tmmLm^?>^k7i>ix^^o 

:l x\% z n/A 1 itds 4 . 0 Rh© z n ±i^(DWti\:M)if^^fim^mimii \) %J?V ^^1 
i:SrS'MAES{^j;!??imL-C43!9, l^tV^»;5SZn/A UbiOM. 0£Lh©Z ni^jc© 
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(7) mmi(omima(ommxM^^7:^-'$'<om^ 

Zn nmmKDmimihm^^tix\f^jSi h \% j^m^mm m tt leoisso) 

ERA-8800FE) 5S:ffiV^;fco . SH^MJimjBE 5kV. ^—^y^y"^ ;^^y:^ (f^Sggl) 

i5iiim (j:Tm\ m^^om[^:^^(Di-yfvy^mmn5msiTtLit m^^n 

(Ra) i:m$*ll©WDi]a«)¥*^KPII (S) Srtf^bfco Cl^lT?. Ra. S tt. ^Ertt^ 
Ttt. r^ra^-ffiifJ B-O660-1998 ^tJ:|B«$tbTV^.S. ^^mm 

Wx-i5'»cm*^6#^;asfc5„ ^oi^tt4-[El©J: 5{-^II^^^^VJ^$v^#^^^}^ 

5'b:^7^g*i:-r5 Spline /^^/■«-7^/^^5'-;Sr;54tT. ;i<^J^^^Lfc, 2fc^ 
M©|!GEfJ:tt. )m(Dm^mmm NIST f VLSI :^^y^r^ SHS 

itmi^:^^>'^-K (i^lSrm. 88nm. 450nm) ^ffiV^fc. 

(1) *3&I^'^J (f*JN#-^l~7) m Wm^mU pH <Srl l£t±i:L^5JiflM?ge 

^?f^^b;/£:« ■:iflib<mMX^. ¥Wl2l^tt 18-31 nm-CfeD. Zn/AlJi^Ji^ 
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S4 

(2) 11x1 2^^:^sv^r. v^i=^'feg^4ft«^sog|t■e1^i^7'/v^^ 

U i?3im^^^fe (AES) ^^V\ Ar*7./<^y^ y AES f^Vc^Ji^^ 

f ^T-f/^d^^j'fe^^d^Sipt-. ®^t^©Al^igm^■ftb©^$^^:;fev^Tt 20a t% 
*?i'e$>5o ::tbfc^u 04, 05{c^tfc^ii-i-i i (jtll^^j) , jir;?i 2 (it ' 

ig^J) T-lt. Al 20a t %SLt^h^, mm^l 1 tTO#^l (^^W^SJ) 

(3) *3SegM©5*»x f*i|^-§-4, 5, 6T?H:ilfk«yifcMi-5«3®e?(c Fe 
y^^^ fcO^M bfc. ::©Jgmx Zn iflcg^bi^cf {j: 15-25 a t %<D Fe 
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^&m(o^mxhzt:m. smimrzm^i>^<. *>oistfem>^i:36»e)x m 

Affile Al ^mmMi>mm-^fiX^^?>:LhKj:^. ^<Dm^miir^^Mi»^t>T 

^hK^trnza mmsaKs f e ^^fi-^-^rs ^Ltx. it) iz^msmwmm) 

<D^^mm±u rnmmx-hmmmmb^^nmi^M^^h^ML^x^,^^. mE:^ 

F eO^^mtLXa. F e tZii(Dm^i^i}^<bF e/ (Fe + Zn) (D^X^W,^ 
ti/S F e m^it^^W^.t Lfc#^. ^J^i < i: t> 1 ~ 5 0 %(Ommx^m^hZ ^ti>^ 
?l^^?t•cv^5» i!?^J*L<tt. 5'-25%ilt^:itX\ ^^\^^^^'^^zk 

5« ^^i^tfi^F e . Z n ©ii^iggft. FIB-/* ^-yz^]) y^m^^ t) 
^ffilfefl2ifeSr^«)ot^®©»fffi^lJ:^U 3ijifl^®1SfegE (TEM) 
^-^)fi^Xil|^^^^ (EDS) ;^^v>Tai^-Uc;^-5i^f;vd^'^3R»5::i:dj§fc5i 

^xh^b^x-ibfi^o (^j;t«AEs-^EPMA) xit. ^^mm<o^m^ 
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200im LV\ 

(AES) (^J;!3^*5::i:d5-CtSo ;l(^;^^c*5V^T«:, M^^^T^^^-^i/ 

fCV>5o Z nZfeflc©SI^I::«fe)©^l^^«, X||-^>ri^PT:^7^1f- (EPMA) ICi 
^Tm-^yyf^^'Sf. h\.<\t1l^mrmsm (SEM) l::J:»?fFii-C^5c EPMAT 

'b5i<b;6s-e^5c ^smo.5kVHf^^©m^^^>^v^fcsEMmm^(^i!?. 

$3^-CV^>iv^|f|5:»■^^ii5^cg;SlJ1-.•5^: i;;6S-t?t5fcfe. 
Sa^-h^;^ hdS. ^i■f-5®Hb^lC'^LTV^S;6^^f fe?>d>C*AES-^E 

5jgi(l®^<^<ftT^&imT?t5c ^liTfllfcNBIlOairtts Jfi^ftiSlOWm^ (Ra) ;^ 
100nInM£^T^ MUm^(0^^mU (S) :a5i000 nm@S£iT<^^Bffi$lr#r5i 
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5. 

mam&om^^t. mthx. zn imimM<Dmm7imMmih^tLx\f^^h<o^ 

^$i^TV^T1>^V\ »m]fift. Ra It 100 nm S 1000 nm OT^fi^M^ L 

v\ Ra ^ s ^:Lifi&s±±^<Lxh. mt£m^<D:km^mnM.fbM<. i^tdm 

WK^Uj:\i^i>K Ra 3 nm £Lh. S 50 nm SUzXm$mmmSlim»h^:iii fSr 
WLIt, RaW:4 nmJJA±t?fc5ridSi l?S*U\ Ratt3nm£Lh. ISt^iiDa 
ihm^i-^^ t¥?im®(2:5ff<5t, )fi!!tto2s>5?ftotftfe**i: UT©S&||*^Sii^t-5;fe: 

mmUc-R^mixmOm^m^*). 0*I|l3i*&© r^Sa^-fflSj B-0660-1998^ 

l;^©3:^>'V=a?-2: LTic eV i:^^i>ti-^^^A^^-<D-^^^m^^X~^mf- 

^S?i^^i:1-5il!:;5S-et> $P>(w|tMM(l]j<^;^t$. EPt) Ra *5 itJ? S Sr^jm- 
S^tdSx-tSo Zn^^-ft;Ji)t;:Fe^^$*5ii:(^ii>9. Zn»»©i^>rX^^ 
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40 

-Ctb^o :mmxh^. F e Sr^Z n^SKbfeW:, MIB pH ^f^^Sr^-fSi^ 
(TtK^W (^^PSiiS 5~400g/l <^OTT|^ii;a5 pTtlT'fcSo -klEU Iff 
m ©^P]i^5~200g/l©^Hi-r5ri;>i5j;!9»tLV\ 

wtimm^^-r^mmmo ph « i. o~5. o (mm\^tb^^ t lv\ 

mmo pH $Stt4r 1>/c-*5 ©^T'/j: < s m^&o Z n^i?lc# 5 p H±#|:: i ^5 Z n ^ 
^'^bW«@l::*5V^T. ^»3^pH±#^|flj]:L. 5gS'^H^£:^rr3^##-r 5 :i 
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(Na^QH^O^) fi}£(D^^^i^mM. a^-^MJ^^A (NaCHjCHOHCOz) ^if©?L^:^. 

50g/i %«x.-cfe. ^;a5mi-r5fctt-e?5;<. m^l^©?^^JJ:;Ri^K*S-t5fe 
il^hy!>A37f^^lO~5 0g/l©|5ffl. $&lJ:^tb<tt. ao-sog/i 

*NF^?Jr^1-5fcW)5:<. «)o#S©a^'b^gtU<. ^^<r>mmb\.Xff>!mh 
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Al (Dm^s Pb> Sbs Si, Sn. Mgs Mn. Ni. Ti. Li. Cu ?feifi^S-^W^fc^^^P$J^■CV^ 
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P. S. N. B. CU Ifa. Mn. Ca, Mg. Ba. Sr. Si f3:ifi^B^mm^'\ZL^ 

(mm) 

(1) i/v-j^^tt (Miti#i4) mm immm^) 

(2) ||»tfFeit^<DjlI^ 

#OT©ef®fm{c*fU ^m^^^ (TEM; •7^))y:f:^^Qimm 
/V^H^ffflXii^^ (EDS;. EDAXII^ Srm^T^Tofco EDS Kli >?m^bife©:5^-< 

OFeWirtr. Fe/ (Fe + Zn) SrSitldLfc, 

(3) mmmm(om^ 

:t-i^^m'f-Mm CAES) ^I9V\ Ar*;^/-«y^y y^^fc AES J?^^^ h/WSil^^^ 
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(4) zn-^w<omcm<ojmm&'^ 

zn^^ammo^m^m^tUMz., ^m^-mm. (leo a leoisso 
v\ MmEE 0.5 kv x^yvi>^y<^-{:f(D-^w^i^\m^m^x'm^(D-^w?- 

Zn ^SHI^^©^D^]^?J^s?^J^$^^-CV^5 ^1 1 \X &WrHm^ (LEO If: LE01530) 
^^V\ UmnS. 0. 5 kV l^m^\^\zWtm^fl1t Everhart-Thomly mO-^mrf-^m 

ERA-8800FE) ^^V^fCo tl^ttiPjilLBE 5kV. 17-^l^'!^7'4 ^^^^ ifmW) 

15m \^xn^\ m^^<Dm\h:^\^(D^:yyv y^mmn 5 nm ^rt iWM^mt 
40000 f&iji±) 0 wmmn^x^^m^n^tcib^m^Mvtc, znmtit 
m^^i-^mt-mfmc «? mrmom^f^i)^^^^ 3fiawt(D 450 mllou 

(Ra) i:fi§ftilgl©TOliiJfl©sF*lfRgi!l (S) S:tf3SUfeo Ra. S ^ti/^ 

0*X^i*&© r^ffim^-ffijgJ B-0660-1998 ^{^:|^$tlTV^5, Tm^m 
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y Yis-y^h^h Spline /v<^"«-7-fyu^~Srd^ftT. wOj^^^UfCo im 
©©tSOElJiH:. *S©S^«F^I3 NIST \z. b ^-1^:/;^3fe VLSI 7.9 ^y^- KthO SHS 
dJUlSiua, 88nm, 450ip) *^V^fc„ 
^g^^Sr^ 6 tc^o No. 1-5 fi. V>-ftt'b Z nif^EOgl^biJl^ijijEtF e 
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5 Al KSii Al ^^bi^SdSJI^^SJifei^T^fcS. ;i07i*S«:s -^^fefk^SIS^feo 
t^ag^-^^S-efeSC^Sv «3|fiJiiS5-t-5J:gcfed><. *vo]Sl!^^MSv^^:^:^>fe. ^ 

mmiht^j^^^^x^^xi>k^\ 

He < < , EM'S: t'KX t) prntt^SraoT-r ^ p Jfe^tS^* <^^jtUT 
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5o ;t:^W-e«c> Ra 4niii 100 nm £tT. S fi lOnm 1000 nm Uf^^ 

O Ra ^ SOOnm h1r^Z.hX^ J: 
Ra ^ax^ S Sr«iJ#t5^^o©;^tt. ^JBI-^i 5 IJ: 2^ Fe Sr-^ 

^tiihtc^^WCiim(Om^i^i:\). U:KLm^O mm^^-mi B-0660-1998^ 
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^^HiGiSr^SSfefti^iJfesafteeg&dMC^&oTV^^iV^iS, Zn mi\^(DMi^ Fe 
fc5V^»Fe ©^»{^:<J:o■C*^l^J$^^Sfcft^:^t^L■CV^5o Zn i: Fe ©Sif-m-S 
Fe (Dfrn^"^ CS^^) ^iW^fe(^:;5:oTV^:&v^^^ ^8?#t>«:, i!>^< i'b Fe d5 
lat%£Ui. 50at%OT(^^T'^T♦fc5r^:^WLTV^5. :i<^J:5^A Zn t Fe 

#5©lc^LT. Ai m^\:^mifijmLX\*^^^^xWf^xh^1tib. m^Rj:^ 
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tM^-|-5>%!c«LTV>5r 2:dSfi^T'$) l^^^i: LTi^«©^^)o^^M(3:fe 
-fif- (EPMA) (ciSTC^s/tV^, ^>L<«:^m^^i!SIS (SEM) 

^iit?. ^P^«BE 0. 5kV t^I^©m•^^II^^V^ 

fcP>/6^Di6AE S^^ED S^t?«tT*5< r irdSiSiS-CfeSe 
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r (DmiMMM^^ ■}} =XA fco V WmxfiSi ^i)K^(DXo ^.^h H^-^^ 

i^raris 2-1 o50>-^at>5o 
m\:im!iciimtim^m.(o ph « i. 0-5. 0 ©«Hfc&5 k amii u\ r jvfi 

pHig»^srt)o:fcim«r?^nt5^i:as;f:-5r^"t»i5,5„ -jut, mmomm\m 

mmo pH ^^'14^ ©^-e^S^ < . mm(D Z 5 P H±#{c i 5 Z n ^ 

^^bw«®tc*5v^x. mmfi:>H±^:kM±u mmm^m^n^-t^^t 
mm\mimti:^\f^ii^, m^t£. mtf'hv^j>> worn is^ifomt^s y^/m. 

(XfiiCM ^i^(0=i^^^mM. ^Mi-hV^J>^ (NaCttiCHDHCO^) J&ifOES^x 

^fc. -e^M h Ur 5~50g/l <0OTT'fc5 t t^W.-^ Lv^, ::tbf^, 
5g/l *^^T'$)5i:^ pH il»;^;05^+:$)-T% B^f^©^»®;l:?^^^T't?5iV^fc*Tfc 
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9. 50g/l l:@;t-Ct>. ^^i^mrr^m-r^-^i. ^»©?^^fc:gi^r^<^^t-5;fc 
mi-YV 37»^4&tr 1 0- 5 0 g/ 1 ©fSffi. § U< 2 0- 5 0 g/ 1 

L\\ otitis m0.mm\z.:m-rzmmm(Dmm^^hs m^(ommi>^^\^r-hmm 
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•CV^5«T^^V^i)S. ^©©TO^m^J-^^^fc-g-^tlSA 1 ^I^S 2 0 a t % 
(AES) i:Ar;^/-«S'^'j;>^^(J:J;5^§;^(Rl^^ff(-J;»?s 2jttmX2;tm gSoffi^Kids 

A 1 aia^jjs 2. 0 a t 5 1 V mum^mm^^^T^ z n iflsoiifli 
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Al ©flfelC, Pbs Sb^ Si. Sn, Mg, Mn, Ni. Ti, Li. Cu Jfeif;&5-^^^;tfi,^$tlTV> 
r.i:lJ:J:9. P. S. N. B. Cl. Na> Mn, Ca. Mg. Ba. Sr. Si ^itiimmM'P\zmSi 

(2) mmmw-^(om. 

^'-i^a.WrFS^m (AES) «:liV\ Ar*7,/<y^Vyi^t AES h/VOai^fSri^ 

(omm^h'm:^<o^\%. j^it^© sio^j^STteLT^fefcy^^-^iyij^yy^i/- 
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^mm^ 2fimX2nn MMomiirmOymtU 2~3 A-mMLit^ 

(3) zn^i^<ommi<Dmm^ 

z n^i^tDmmom^^m^-t^itubiz, y^w^m^ (leo leoisso) 
v\ M®E 0.5 kv •^4i^uyx^^-:fo-im^^tm^m^^xmw(^-^W7- 

h t UT. ^(DX9^mtmm^^fix\^^f3:y^^^bmm\^wii-^:Ltii^x%6o 

X zn nmim<DM^^ififc^mk hit. 

Zn mm:m(omimai!>m^^ir^x\i^^ ^ ^^m^^sid^ oeo th leoisso) 

SrffiV\ JP3tmE0.5 kVT?i*|S^f^fc|gji$tvfcEverhart-llionilyMOi:^l:^^tb 
ERA-8800FE) *MV>feo" JBI^rtSPiimiE 5kV. V-^V^^ >{ 7.9^7. (msggii) 

(Ra) h-^^msomWhon-nW^ (S) SrgfiLL;fco iCT/Ra. S W:. JErJi-e 
Ttt. BJfcXll^© r|g®]t$-ffig|j B-0660-1998 ^^»C|B«$tbTV>§o imW^ 

•m.x^%fcm^\^^^x^%i\x\^^. 
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y h:^7jg^ii-5 Spline /M'/-«-7w/l'^'-^d^»t-Cs :L(0^^^l,1t^ Jf^ 
SotSOEfctt. ;)I^B©HS:«F5^il NIST \z. Y VLS.I mo SHS 

^l!li^^>'^-K (g^lSnm. 88niiu 450nm) ^fliV^^ 

No. 1-6 tt^ V^■ftl%5]ZJg^f|5^-J^^^tbfcZni#:®^fl:^feOJ?$, TO^s mm 
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mfBmib^mti. IS^^^-e l ^B^^ Z n/A l Jtlr^-rS Z n^^'fb4& 
^:feiOT^m^Jtt? l*?g|OZ n/A 1 tfcSr^i-S A 1 mil'fl:4&ld>?>'5;5^® 

3. MiaZn^^-ffii^^famiSaMia^^L. ^r<^>^«iB[lfl(Ji(±m$ftM«^¥^f^PS 
(S) ^51 OOOnmjJiLT^ (Ra) 0 0 nm£lT"CfcS»^«>l5ffl 

4. lir|BZnm^'fb4l&«ttZn]Slt;Fe^^-S'tfSI^U«^Sr-&i5^s 1-5 0 atX©Fe 
/ (Zh + Fe) -e3£Sl$tt5Felg^JSI|[Jt^WtSlt*0^ffiiBlfcE«©^» 

5. mtizn^m^mmtt. 1 5%£i±<^)ie>o^«®{c:»fe*5sa^^^-r5»^ 

6 . tamkitmrnnK i o - 2 o o n mo^mm^ ^^•r^m^<owm 1 (-e^o 

7. S5IBZnm^'fk«K>^d5^^WiatrWU lulBZ ii^mfl2«^®:8*i!lil35a:s 

8. inBZn.m^tt^i^^ ttiieigi^iiJ[itT-4iJtJi©Zn/AlJtW-r5lt^ 
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10. mzn^mmsfi^s msM\^3im^-^fi^^o^^m<ombs mm 

1 1 . I&EZ n^mimmHK Z nSt;?? e ^^t^m^l^^^^. 1-50 at%£0 
Fe/(Zn + Fe) T?^$*l-5 F e ljK-?^^g^%^1-S^^®S5ffl 8 (J:|B^«il!i 

1 3. |ISe<J{C7j^ed>e>55J5«>otMtM«)o#^M^#ft1-5FeSr^Zn5K 
t^^Z n^m^mmH)^. l'-5 0%(^)Fe/ (Fe + Zn) T'^gl^tbSFe 

14. Buiaznmm»ds. (OjifPi:. m^^m^f^'^^^^mU'm^^Mmn 

1 6. ||^{^73^Bd^e);5t5*o§Si:ifiBJe)otl^®fc#^5FelrgtpZnm 
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17. mmZn^m^MiiK lO-lOOOnmOm^ftl^Wi^MIl (S) i:4~ 

1 0 0 n m<OW-im^ (R a ) ^^51t^<0SSffl 1 6 |J:|B^<^i§iil!3^«)o tiSfc 

isa 1 6 (cf^i^^n^ibo %mu 

2 0. pflBTO^W^^tlTV^SZ n«^ki^Md^ 1 0~5 0 0 nm<Dm.^^m(0 
W-imm (S) fc4-'10 0nm©Wia$ (R a ) SrWrSlt^^Sffl 1 9 l^ie«g(^ 

2 3. i8ia^<4«ax^iiiD. g&E^^b^asxsotuo^Bpm^i^^ 

t-^^ttS A 1 5^^<kife«rA 1 jg^i: L-C 2 0 at?4*?^Sl;:§iJ^^-t-SXmS:Wi-Sft 



2 4 . luia^'S^ti^fli^aM;^, p H 1 1 EA±> 5 0 *ceJL±<DT;i'* y ^mnK i s> 
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2 6 . l&f3il'tt^^;5S F e-f:t>^ 1 - 2 0 0 g / 1 "t^-rS^^O^S 2 1 iJifB 
•P®JE3i$>lfci3«g(j:, pHig«M^:rU 5~2.0 0g/l(^Fe><;f 

2 8. mmmmm^ih^^^Mu mmmo^&m^mm-r?>mmM^i!b^ 
jmt.'^om^mmi^ 1-3 o#-efe5m^n«yis:^Tp i^<t:«y®xm. 
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